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Jata  from Gallus  DoL2esticus are prese-izee showing t h e  r e l z t i o n s h i g  
between u t e r i n e  pH and Line post-ovi2osi t ion.  The 6ata suggest t h a t  
u t e r i n e  pH i s  a s soc ia t ed  wi th  c e r t a i n  per iods  of u t e r i n e  a c t i v i t y .  A 
Four ie r  ana lys i s ,  a periodogram, and a correlogram a l l  i n e i c a t e  a c y c l i c  
phenomenon; furthermore,  t h e  correlogram i n d i c a t e s  t h e  pH cyc le  t o  be 
endodiurnal.  P 
c12cmIm NlrnE3L 
(Gal lus  Docesticus) 
C .  M. Winget,* C .  A .  Mepharr, and E.  G.  Averkin++* 
bhny phys io logica l  rhythms of 24-hour h r a t i o n  have been e s t ab l i shed  
i n  c l a s s  Aves. 
f o r  both t h e  a a u l t  and t h e  develo7iag embryo have been repor ted .  Simpson 
and Ga lb ra i th  (24) have shown t h a t  the  body temperature rhythn normally 
Lo l lows  t h e  a c t i v i t y  rhythm. Heart r a t e  (13), ery throcyte  number (8), 
ra te  o< f e a t h e r  g ro -ah  (12)  d m  mitosis  i n  t h e  t es tes  a l i  exh ib i t  a 2 L -  
hour c y c l i c  p a t t e r n  i n  Gal lus  Domesticus. 
A c t i v i t y  rhythnx (1) and oxygen consumption r h y t h m  ( 2 )  
i? 
The cyc le  or' ovulaxion t o  ovipos i t ion  I n  t h e  domestic f o w l  i s  t h e  
b e s t  e s t a b l i s h e d  of a l l  Circadian rhythms i n  b i r d s  (18). Both ovula t ion  
and ov ipos i t i on  take place during the l i g h t  phase of t h e  cycle  while  t h e  
release of the ovula tory  hormone (LH) occurs during t h e  hours of darkness .  
A neurohumoral system wi th  a f f e r e n t  neurons o r i g i n a t i n g  i n  t h e  reproduc- 
t i v e  t r a c t  i s  known t o  i n h i b i t  t h e  r e l ease  0: LE (10) .  
s t i m u l i  ( i . e . ,  t ime of Feeding, t e q e r a t u r e ,  and sounc l e v e l s )  rray have 
r egu la to ry  e f f e c t s  on t h i s  Circadian rhythm. The inf luence  of l i g h t  on 
av ian  gonadal a c t i v i t y  an& o the r  hormones i s  a l s o  discussed i n  d e t a i l  by 
Wolfson (33) . 
Other neu ra l  
The present  s tudy was conducted to evalua te  pH changes i n  t h e  u t e r u s  
of t h e  female reproduct ive t r a c t  a t  sTec i f ic  tines during an e s t z b l i s h e d  
Circadian rhythx and t o  c o r r e l a t e  these  changes t o  known neura l  and 
endocrine a c t i v i t i e s .  
\ 
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S.  C .  white leghor? f epa le s  approxirmtely 14 months of age were usec 
i n  t h e s e  experiments. The anirrals were kept  i n  ind iv idua l  cages equipped 
with an  ov ipos i t i on  t iming mechafiism (F ig .  1). The b i r d s  irere na in t a inea  
a t  a constant  e n v i r o m e n t a l  temperature (18" C 40.3') on 1 4  hours of 
l i g h t ,  and received f eed  and water ad l i b i tum.  
The pEi of t h e  u t e r u s  w a s  measure6 by means of a s p e c i a l l y  adapted 
e i ec t rode  (Raciometer ~ ~ 2 0 2 1 ~ )  t o  f i t  i n t o  a p l a s t i c  e g g  (F ig .  2 ) .  
s e c o x i  se t  of e lec t rodes ' (Radiometer  &0G and G20CC) was usea t o  s tand-  
a r d i z e  t h e  equiprren?; a t  s p e c i f i c  t i n e  periofis.  All pE values were 
obtained on a Radiometer, $ Meter 22, with  e x t e r n a l  meter, type ~ ~ ~ 6 2 1  
which enables  d i r e c t  readings of b e t t e r  t h a n  0.003 pH u n i t s .  
A 
The placement of the e l ec t rodes  i n t o  the u t e r u s  w a s  accomplished 
wi th  r e l a t i v e  ease. 
r i g h t  f o r e f i n g e r ,  followed by emplacement of t h e  p l a s t i c  egg and e l e c -  
The o r i f i c e  w a s  f i r s t  l oca t ed  and palpated wi th  the 
t rodes .  To maintain proper e lec t rode  pos i t i on ing  t h e  b i r d  w a s  r e s t r a i n e d .  
I n  those  cases  where t h e  e lec t rode  was fo rced  out  of t h e  u t e r u s  by t h e  
b i r d  o r  calcium w a s  deposi ted over the  e lec t rode ,  the recorded readings 
vere  o x i t t e a .  
Observations were p2de throughouru t h e  ovula tory  Circacian rhythm a t  
15-ninute  i n t e r v a l s  s t a r t i n g  a t  t h e  t i m e  of ov ipos i t i on .  Hourly averages 
2nd. var i acces  were determired. The ca t a  were furzher  evaluated 'sy t h e  
Four i e r  s m i e s ,  t h e  Schuster periodogram, a ~ d  the correlogram rxethods. 
The Four i e r  s e r i e s  was used as a method f o r  v a r i a b l e  separa t ion  (7, 3 ) .  
3 
A periouogam using Schus-cer ' s  (22) technique S J ~ S  constructec from the data. 
Serial corrslations were calculate6 for the 24-hour csta (11). The pH % e m  
was used in all coxputations rather than hydrogen ion concentration since 
the forrner has been shown to be most reliable and useful (31, 23). 
RESULTS 
The changes in the pH of the avian uteri studied are indicated by 
1, bfie circles poirits in Fig. 3 and the 6ata ii? Table 1. The pX changes 
were r e c o r d e j  for a 24-hocr perioj imzediately after oviposition. These 
are the results of 32 experirxents in which the 99 changes following ovi- 
position were observed. The data in Table 1 consist of the mean pH 
values per hour post-oviposition. 
the 2k mean hourly observations was calculated. 
and Table 3 for a listing of the estimated coefficients. A Fourier series 
A 12-term Fourier series passing through 
See Fig. 3 (broken line) 
consisting of the first six successive term in Table 3 was evaluated and 
plotted (see Fig. 3, smooth line). ,The m e 2 5  squzre error resui-cing f r o m  
this approximation was of the order of 0.01 pH units. 
observations were further reduced to i2 values, each representing a 2-hour 
period (Table 2). 
The 2k Kean hourly 
The first three successive terms of the Fourier w%"e evaluated 
zerrx, the broken line, the seconc terr., and the aotted, %he third term). 
The range of the first Fourier term J:ZS approximtely 0.13 ph units and 
it achieved its xaxir-un; at approximately 14.7 hours post-ovipositioL. 
Xext, t h e  24 m a n  hourly observat ions a-r?a also The 1-esultazz 12 two- 
hour-period po in t s  were analyzed u t i l i z i n g  a periodogram cons t ruc ted  by 
t h e  xcthod of Schuster  ( 2 2 ) .  
t h e  24 mea2 hourly values  ( s o l i d  l i n e )  and f o r  t h e  periodogram u t i l i z i n g  
t h e  12 two-hour per iod  values  (broken l i n e ) .  Bo'ih periodograms inciicate 
See F i g .  5 for t h e  >eriodogram u t i l i z i n g  
a per iod  with an approxixatc  ler-gth of 21 hours anZ an a q l i t u d e  of about 
0.07 pE u n i t s  ( s e e  Table 3 f o r  the r e s u l t s  of t he  computations).  
The cata were analyzed i n  a t h i r d  mamer using s e r i a l  c o r r e l a t i o n  
( s e e  Fig .  6 and Tzbie 4). It appears that  t l l i s  i s  a correiogrsf!i GI' 2
s e r i e s  of harmonic terms, s ince  it does not  vanish  =or i s  it danpened. 
The absolu te  pH values  (7.2 TO 7.6) repor ted  here in  agree  wi th  t h e  
values  f o r  The egg almmen f r o n  t h e  u te rus  mucosa (7.3 t o  7.5) repor ted  
by Buckner and Martin ( 3 ) .  
t hose  r e c e n t l y  repor ted  by Ogaszwera (19). 
ment wi th  t h e  u t e r i n e  nucosal  serapings (pB 3.8 'io 6.4) repor ted  by Buckner 
and Martin. The lower pH values  i n  the  l a t t e r  case m y  be  due t o  a r e l e a s e  
of i n t r a c e l l u l a r  f l u i d s  during The mucosal prenarzzions.  The u t e r u s  was 
observed t o  be b a s i c  throughou-c t h e  experimental  per iod  repor ted  here in ;  
whereas, S t u r k i e  (23) s t a t e s  t h a t  t h e  u t e r u s  of sexual ly  m t u r e  f e m l e s  
i s  i n  t h e  v i c i n i t y  of pH 3.6. 
These values a r e  only s l i g h t l y  lower than  - 
Sowever, t h e r e  i s  poor agree- 
The developing egg e n t e r s  t h e  u te rus  approximately 4 hours a f t e r  
ov ipos i t i on .  
t o  t h e  e g g ;  a f t e r  3 hours s h e l l  minera l iza t ion  starts 2nd proceeds a t  a 
During t h e  e a r l y  p a r t s  of t h i s  period, water i s  t r a n s f e r r e d  
constant  ra te  (1). ijuring t h i s  time t h e  -23 m s  observeu t o  izsve t h r e e  
m x i r a  and t h r e e  m i n i m .  
co inc ides  with:  
The f i rs t  of these t h r e e  x z x i r a l  pH values  
1) t h e  onset  of calcium depos i t ion  i n  t h e  u t e r u s  ( 6 ) ;  
2) naxirmm plasma calcium l e v e l s  ( 3 2 ) ;  3 )  rriiainum nlasm phosphaTe l e v c i s  
( u q x b l i s h e d  oata); and 4) a p y o x i m t e  t i n e  03 LII r e l e a s e  (28) .  The f i n a l  
nlaxinxi p~ occurs approxirmtely wilea 2 iooc  caiciu::, i s  a t  a xinirr.un ( 3 2 ) .  
YLnimal pH values  during minera l iza t ion  a r e  observed t o  coincide wi th  t h e  
t i m ?  when Tanaka (26)  has repor ted  chol ines te rase  a c t i v i t y  t o  be a t  m x -  
iciur? i n  t h e  diencephalon. The da ta  do not ,  however, e s t a b l i s h  a causa l  
r e l a t i o n s h i p  between u t e r i n e  pH and t k e  mechanisrs irentioned, ba t  t hey  
do i n d i c a t e  a dynamic hydrogen ion  concentrat ion i n  ?;he u t e r u s  of t h e  
b i r d .  The b i o l o g i c a l  impl ica t ions  of t h i s  d i u r n a l  v a r i a t i o n  i n  u t e r i n e  
pH, as a func t ion  of time post-oviposi t ion,  a r e  by no means c l e a r .  
Furthermore, a constant  pH i s  not maintained auring t h a t  per iod  
(0  - 4 hours pos t -ovipos i t ion)  p r i o r  t o  t h e  mvemei:t of t h e  egg i n t o  t h e  
u t e rus .  Again, t h e  mechanism responsible  f o r  t hese  changes are not 
obvious from t h e  da t a  presented herein; however, t h e  mximum pH does coin- 
c ide  wi th  t i m e  of e g g  engulfnent and l o w  diencephalon cho l ines t e ra se  a c t i v -  
% t i e s  as repor te6  by TanaIia ( 2 7 ) .  This >e r io?  of rr.etac,olic a c t i v i t y  
r e q u i r e 6  t o  move l a r g e  amomts of s a l t  and water i c t o  t h e  u t e r u s  could 
r e s u l t  i n  a lowered pH. 
Fron t h e s e  r e s u l t s  a mechanism nore complex than  a s i n p l e  pH s h i f t  
appears  t o  be respons ib le  for t h e  movement of c a l c i u n  ac ross  t h e  uzer ine  
x e m r a n e s .  The t h r e e  pK changes which have ceen shown i n  The same zir.e 
p e r i o 5  tha?; Burrxester (6 )  demonstrated constant  calcium deposi t ion;  
, .  
6 
therefore ,  t h i s  would i n d i c a t e  t h a t  pH s h i f t  %zs a minim-1 effect OE the 
moverrent of calcium across  t h e  u t e r i n e  w a l l .  
t h e  e f f i c i ency  of calcium removal a l s o  suggests  a xeciianism f o r  calcium 
t r anspor t  more involved than  simple $3 s h i f t s .  
s x h  as t h e  gut ,  where calcium xoves across  seve ra l  c e l h l a r  barriers a t  
approximately equal  e f f i c i e n c y  t o  t h a t  of t h e  u t e rus  it i s  repor ted  (17) 
t h a t  p3 s h i f t s  have only a s l i g h t  e f f e c t  on t h e  novement of calcium across  
A previous s tudy  ( 3 2 )  on 
I n  o the r  complex s y s t e m ,  
t h e  g;ut -,jail. 
A c lose  r e l a t i o c s h i p  b e t w e n  decreasiEg pH values  al?d poss ib l e  sperrn 
v i a b i l i t y  i n  t h e  female i s  suggested.  
a t  a minimum during t h e  perioci when sperm are most l i k e l y  t o  b e  t r a v e r s i n g  
t h e  u t e rus .  
of cock senen repor ted  by o the r s  (2G, 29). Therefore,  t h e  da t z  suggest 
opt imal  u t e r i n e  pH f o r  t h e  deposi t ing of t h e  semen. The da ta  of Wilcox 
an6 Shaffner  ( 3 0 )  would i n a i c a t e  t h a t  approx i r a t e ly  25 percent  of t h e  cock 
sperr;;, w i l l  have lost t h e i r  m o t i l i t y  a t  t h i s  pH. 
shown t h a t  r a t i n g s  occur imLediate3.y b e f o r e  o r  a f t e r  rzixL~uxi v a g i c a l  pH 
va lues  (13) .  
It i s  noteworthy t h a t  t h e  pH r e m i n s  
This  observed minimm nH (7.25) i s  very  close t o  t h e  v a h e s  
I n  rats, it has been 
'These r e s u l t s  which show a decrease i n  p3 fo1;owed by a r a p i d  inc rease  
(10 - 2k hours)  have keen Yound t o  procee5 b t  fEiL-ly uriiform r a t e s .  These 
-_ c;>aroes ~~~~~ iseli s-i'---'-' - b A A : L u L i  tk.t i x i t i z t s  L L ~ Y ~ Z ~  XLSC~C contrcc- 
t i o n s  which cause r o t a t i o n  of t h e  egg i n  t h e  u t e r u s  as skcm by o the r s  
(21, 4 ) .  
:I6) a n t  t h a t  i n  t h e  r abb i t ,  u t e r i n e  rmscle tone i s  r m x i m l  betwzen pH 7 
z.iiii 8 ( l k )  . 
hurmrn f e r r 2 l e  i s  dependent on cornual musculature cont rac t ion .  
It i s  we l l  known t h a t  the length  of muscle i s  icegendent on pH 
Furthermore, Eorne (9) has shown t h a t  sperm rdgra t ion  i n  t h e  
r-' m e  harmonics of che Four ie r  response curve Go n o t  suggest an  e a s i l y  
expia inabie  t iming Eechanism. 
and F ig .  4) do not  i nd ica t e  a c l e a r  timing rrechanism as fa r  as u t e r i n e  pH 
i s  concerned. However, harmonic 1 does suggest a t i n i n g  mechanism of 
a p p r o x i m t e l y  24-hour dura t ion .  Harrr.onic 1 appears t o  r e f l e c t  f a i r l y  
c l o s e l y  t h e  movement of t he  ovum d o m  t h e  oviduct.  The da ta  suggest 
t h a t  Four i e r  ana lys i s  can b e  used as a t o o l  f o r  s tudying t h e  rmchanisms 
of Oiologic  responses .  
F o r  example, harmonics 2 and 3 ( s e e  T z h l e  2 
Although t h e  perio2ogram and correlogrern are o f t e n  u s e f u l  i n  da t a  
i n t e r p r e t a t i o n ,  i n  t h i s  ins tance  they d i d  not  i n d i c a t e  any new mechanism. 
The correlogram does i n d i c a t e  t h a t  the Ph of t h e  u t e r u s  i s  c y c l i c  and 
e n d o d i u n a l .  
sugges ts  a major cycle with a t  l e a s t  one and poss ib ly  two minor cyc le s .  
The periodogram c o n f i r m  t k a t  t h e  u t e r i m  pH i s  c y c l i c  and 
SUMMARY 
%%e i n t r auze r ine  pH of t h e  sexual ly  mature b i r C  appears TO f luc tuaze  
a i u r n a l l y .  The changes i n  pIi during mineral izazion would suggest a more 
complex mechanism respons ib le  f o r  the  movexent of calcium from t h e  plasma 
t o  t h e  uterus. The increase  i n  i n t r a u c e r i r e  ph euririg t h e  p r i o r i  of 
a c t i v e  s a l t  and water t r a n s p o r t  m y  ind ica t e  FH i s  important i n  t h i s  
me chacism. 
The F c . n i e r  s e r i e s ,  geriocograx, a r d  correl0,ran -.-.ethods a l l  i n d i c a t e  
A - 7  bnat tc-:racteyine pH i s  cyc-ic . Furthermore, t h e  correlograrr, s;;zests t h a t  
t h e  cyc le  i s  s rdoc iurna l .  
i. 
2. 
3 .  
4. 
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r,H t stzndsrd e r r o r  
7.40 k 0.31 
7.47 2 0.02 
7.33 t 0.0L 
7.29 t 0.04 
7.23 t 0.02 
?(.23 2 0.02 
7.29 4 0.03 
7.33 t 0.04 
'i.33 f 0.02 
7.56 t G.02 
7.52 t 0.04 
7.48 2 0.05 
7.47 t 0.02 
7.42 t 0.02 
7.34 1: 0.01 
?s5> t 0.03 
7.33 t 0.04 
7.38 i- 0.03 
7.39 5 0.03 
7.37 I 0.05 
7.36 t 0.02 
7.33 t 0.04 
7.37 ir 0.03 
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* + C G e f f  icimt of sin( ix) 
cas ( ix) 







